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Abstract
Drift deposits on wheat plants were quantified and correspond-
ing effects ofParaquat assessed in order to describe drift dose re-
sponse relations. Paraquat interrupts the photosynthetic process
and chlorotic spots appear. The dose response of spray deposits
was investigated in parallel on young wheat and alfalfa plants
and on alfalfa plants grown from root stocks. There was a marked
difference in deposition pattern as well as herbicidal effect.
Plants in the field reacted quite differently to drift exposure com-
pared with sown plants to spray application. Alfalfa plants grown
from root stocks sprayed in the laboratory showed a distinct dif-
ference to plants grown from seed and recovered. Sown and tray
grown wheat and alfalfa did not recover from spray deposits,
even at low dose levels. The results illustrate the capacity of
plants to recover as a relevant factor of risk assessment.
Key words: Drift, pesticide dose response, pesticide exposure,
non target organisms, drift exposure, risk assessment
Zusammenfassung
Driftbeläge wurden durch eine Freilandapplikation bei Wind
(7 m/s) auf Weizen erzeugt und quantitativ bestimmt. Die Be-
lagsmassen wurden dann in Relation gesetzt zu zugehörigen
Blattschädigungen durch Paraquat. Parallel wurden mit einer La-
borspritzbahn gesäte Weizen- und Luzernepflanzen behandelt.
Außerdem wurden aus ausgegrabenen Luzernewurzeln im Ge-
wächshaus herangezogene Luzernepflanzen behandelt. Im Ver-
gleich zur Spritzapplikation auf gesäte Pflanzen reagierte der
Weizen im Feld auf die Driftbeläge wesentlich unempfindlicher
und mit rascher Wiedererholung. Die aus den Wurzeln herange-
zogenen Luzernepflanzen wuchsen weiter und reagierten mit
Neuaustrieb. Aus Samen herangezogene Jungpflanzen (Weizen
und Luzerne) zeigten keine Wiedererholung. selbst bei niedrigen
Aufwandmengen. Die Ergebnisse zeigen, dass das Wiederho-
lungspotenzial exponierter Pflanzen grundsätzlich von Bedeu-
tung für die Risikobewertung ist.
Stichwörter: Abdrift, Dosis-Wirkungs-Beziehung, Pflanzen-
schutzmittelexposition, Nicht-Ziel-Organismen, Driftexposi-
tion, Risikobewertung
Introduction
Pesticide drift from spray application in agriculture is subject to
intensive discussion and is judged by regulatory authorities to be
a major exposure path for non target organisms in water courses
and field boundaries. In Germany, basic drift values have been
established (GANZELMEIER, 1995) for pesticide application risk
assessment and for the classification and registration of drift
reducing techniques (BBA, 2000).
Within the pesticide registration process, companies are
obliged to submit data showing dose response effects on non tar-
get organisms. These tests are carried out primarily in the labo-
ratory. For investigating dose related herbicidal effects, glass
house grown young plants are used. The application of the test
plants is done by spray application with water volumes used typi-
cally by farmers (OECD, 2000). This type of application is in-
tended to achieve a "good coverage" on the plants, meaning a
large portion of the plant surface comes into contact with an ac-
tive ingredient. The atomisation is characterised by a spectrum of
droplet sizes which may bounce or run off at impact on leaves.
The resulting data set describes the dose response of a spray ap-
plication on glasshouse grown young plants. This situation is
quite different to that ofplant communities under field conditions
exposed to drift. In laboratory tests, only young and sensitive
plants are used for methodological reasons.
On the other hand, the process of drift deposition is quite dif-
ferent from the process of spray retention (KOCH et aI., 2003).
The various differences between the field and laboratory situa-
tions has lead to investigations to compare both procedures of
"application".
In this investigation, dose means the deposit on plant surfaces
(ng/cm- leaf surface) and does not refer to the dose rate delivered
per ha, unless mentioned explicitly.
Material and methods
Investigation of drift deposits on wheat under tieki condi-
tions
A plot sprayer was used to apply 4 I of Gramoxone Extra per ha
(l00 g/l Paraquat) in a water volume of 200 I/ha. Paraquat is not
systemic. It interrupts the photosynthetic process rapidly, de-
stroys chlorophyll and creates chlorotic spots. This Paraquat spe-
cific effect makes the deposition pattern of retained drifting
drop lets perceptible. Drifting droplets are supposed to form a
scattered deposition pattern. Their retention site should be iden-
tified by the Paraquat induced effect. To quantify the deposits on
the leaf sampies collected from the drift zone, 50 g/ha sodiurn-
fluorescein were added to the spray fluid as a fluorescent tracer.
The pressurised plot sprayer was equipped with 5 nozzles (Tee-
Jet XR 110 02) at 2.1 bar.
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Fig. 1. Application with plot sprayer, wind velocity: 7 m/s.
Nozzle spacing was 50 cm at a height of 50 cm above the
canopy. The application was carr ied out in wheat (BBCH grow th
stage 2 1, beginn ing to tiller) wind velocity approx . 7 m/s, i.e. out
of the range of Goo d Agric ultura l Pract ice (ANON., 1998). The di-
rection of spraying was aligned to be almos t perpendicular to the
wind direct ion . Under these conditions, an extended drift gradi-
ent was expected. In advance of the application, 16 position s in
the drift zone were marked. After application and when the de-
posits were dry, leaf sam pies were taken at the marked sites.
These leaf sampies were used to quanti fy the drift deposit by
measuring the fluorescence of the resolved sodiurn- fluores cein at
a wave leng th of 484 nm (excitation) and 512 nm (emission). The
Paraqu at affec ted leaf area was assessed throughout the period of
the follow ing 7 weeks at the marked sites where the drift depo sit
had been meas ured.
Fig. 2. Spray and drift zone 10 days after Gramoxone Extra (Paraquat)
was applied.
A second application was done in a set-aside meadow with sin-
gle alfalfa plants scattered over the trial area . Th is applica tion
was carried out late in the season when the alfalfa plants were
flowering and were not in the vege tative phase but in the gener-
ative phase. Alfalfa was found to develop very clear symptoms
and was chosen as a second test species beside wheat.
Investigation of spray deposits on wheat and alfalfa
plants in the laboratory
In a subseq uent set of trials, glass house grown wheat plants
(BBCH 2 1) were sprayed using a laboratory track sprayer, ap-
plying dose rates I %, 5 %, 10 %, 20 %, 30 %, 40 %, 50 % and
100 % of the registered dose rate (4 IIha Gramoxone Extra) in a
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Fig. 3. Laboratory track
sprayer showing the posi-
tion 01 trays and a bar to
place glass plates on.
These glass plates were
used to check the applica-
tion volume at the position
01 the trays.
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Fig. 4. Drift dose response data 01 Paraquat drift on wheat (BBCH ) in
the field.
Fig. 6. Dose response 01 Paraquat spray (lab) on alfall a plants sown
and grown in trays.
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Fig. 5. Dose response 01 Paraquat spray (lab) on wheat sown and
grown in trays.
Fig. 7. Dose response Paraquat spray (lab) on alfalla plants grown
Irom root stocks.
wa ter volume of 200 I/ha. Again deposits were measured as de-
scr ibed abov e and effec ts we re asses sed over aperiod of 35 days.
In addition to glas shouse gro wn whea t and alfalfa pla nts, an-
other group of plan ts grow n from alfa lfa roo t stocks were
spraye d . Alfalfa is a perennial species which has the capac ity to
emerge aga in after harvesting or in the next growing seaso n. It
was assumed that the capac ity to recover from herbicidal da mage
wo uld be affec ted by the potential of the plants to develop new
leaves or tillers . As described abo ve, we mea sured the deposi t
and assessed the dam aged leaf area over a period of 7 wee ks .
Results
Drift dose response on wheat in the field
Paraquat induced chloro sis fro m drift deposition in the fie ld was
assessed as percentage da maged leaf area in the drift zone at
marked positions. Drift dep osits (ng/cm") me asured at the same
positions were related to the assessed leaf dam age. Figure 4
shows the drift dose respo nse effec ts on day 3, 7, 2 1 and 35 .
On day 3 after applica tion, the effect of Paraqu at was c1early
visible. 10 % damage was rela ted to about 10 ng/cm- and 50 %
Fig. 8. Paraquat induced
chlorotic spots with dark
dots indicating the original
drift particle deposit in the
centre. Leal section size:
ca. 1.5 • 3.0 cm.
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leaf damage resulted from a drift deposit of about 100 ng/cm>
More than 80 % damage was not observed at the marked posi-
tions. In the following weeks, we assessed reduced effects as
shown in fig. 4. In practice, the size of the affected leaf area was
not reduced but the portion decreased due to the development of
subsequent leaves. Within the following 35 days, wheat did not
show growth interruption or delay. The plants continued to grow
and developed much as unaffected plants. No difference in grain
yield was observed between drift affected and unaffected plants
(unpublished data from STRUB, 2002).
Spray dose response on glass house grown wheat in the
labora tory
Paraquat induced chlorosis from spray application in the lab was
assessed and deposits were measured in the same way. Figure 5
shows the spray dose response of the tested dose levels and re-
peated assessments over 7 weeks in glass house/tray grown
wheat. Deposits ranged from 13 ng/cm- to approximately
1000 ng/cm- and were the result of defined dose rates per ha
delivered in a water volume of 200 I/ha. Leaf damage and the
affected area increascd until day 14. 50 % leaf darnage was
achieved by a drift deposit of about HO ng/cm-. No recovery or
plant growth was observed in the following two weeks.
Alfalfa laboratory, sown plants and root stock grown in the
glass house
Alfalfa sown in trays was treated 8 weeks after sowing with a set
of dose rates using the laboratory track sprayer. Deposit meas-
urement and damage assessment were done as described above.
Figure 6 shows the affected leaf area in relation to spray deposits
over aperiod of 35 days. The maximum effect was observed on
day 7 and remained at the same level at all investigated dose
levels. No recovery was observed, surprisingly not even at the
lowest tested dose (l %). Dose response relations were approxi-
mately: 10 % damage at 70 ng/cm-; 50 % damage at 200 ng/cm-;
90 % damage at 1000 ng/cm-,
From a set aside meadow, alfalfa root stocks were dug out and
grown for some weeks in trays under glass house conditions. The
plants emerging from these rootstocks were sprayed and investi-
gated in the same way as described above. The maximum affect-
ed leaf area was observed on day 7. The results in fig. 7 dernon-
strate the recovery as reported from the field grown wheat plants,
indicating again that the individual condition of the plants, their
growth capacity and their nutritional reserves are major elements
of recovery. 10% affected leaf area was related to a deposit of ap-
prox. 100 ng/cm-, 50 % to 600 ng/cm-, 90 % was not observed,
even at full dose.
Discussion
The quantification of drift deposits on plant surfaces and asso-
ciated effects is a new approach to demonstrate the dose response
of chemieals caused by drift exposure, and Paraquat is an appro-
priate active ingredient to demonstrate the principles. Drift is it-
self a complex process and drift deposition is further influenced
by the canopy structure itself (KOCH et al., 2003). Our approach
is appropriate to investigate both parameters in real field situa-
tions including both the application as well as habitat characteris-
tics such as plant age, plant community, climatic conditions, etc.
Ecotoxicological risk assessment is part of the registration of
pesticides and is based on the comparison of data generated in la-
boratory trials. Effects of chemieals on non-target plants have to
be investigated according to OECD draft guideline 208 B
Nachrichtenbl. Deut. Pflanzenschutzd. 56. 2004
(OECD, 2000) and plants should be grown from seeds to the 2-4
leaf stage. The dosing procedure is done by spray application of
a set of dose rates (g/ha), simulating defined levels of drift expo-
sure. This kind of tests assurnes that spray and drift deposition
should result in the same effects, and that spray application in the
lab represents drift contamination in the field.
In the context of spray application theory, machine operated
spray application is related to the oversprayed area (KOCH, 1992)
which in arable crops is equivalent to the ground area (ha). Spray
application cannot be related to a single target unit, e.g., a leaf or
a plant. Deposits of machine operated applications always result
in a wide variation but are clearly target specific (KOCH and
WEISSER, 2001). In contrast to the deposit formation from a
spray, there is currently no practicable method available for rou-
tine application and testing of defined and predictable drift dc-
posits. Thus, other standardised methods might be still needed to
fill this gap in order to assess effects of drift deposits because
drift deposits are not the result of a defined delivered dose rate
(kg/ha). Under field conditions the formation of drift deposits on
a single plant is unpredictable. Figure 4 shows the dose response
independent from the distance to the sprayed plot. It is assumed
that different levels of drift deposition may occur at different dis-
tances depending on the drift potential of the application techni-
que, wind, and other canopy related factors (density, height).
KOCH et al. (2003) have demonstrated that the droplet reten-
tion process of a spray application is quite different from the re-
tention of drifting particles which tend to be less than 100 um in
diameter.
Spraying arable crops with a boom sprayer directs the atom-
ised spray volume towards the target, i.e. the canopy, where the
droplets impact, aided by gravity. On impact, droplets are either
retained, reflected, or run off so that finally only a certain portion
of the delivered volume will be retained on plant surfaces. Incon-
trast to this overlapping sequence of random processes, drifting
particles are moving more or less horizontally, transported by
moving air. They are retained on impact at any surface. A single
drifting particle will create an interfacial area of less than ]00 IHn
in diarneter, meaning, the coverage of such a drift deposit is very
small. The deposition pattern has been demonstrated by KOCH et
al. (2004). The most important feature in a canopy is the pat-
chiness of drift deposits.
This investigation was intended to show the difference be-
tween drift deposition and spray retention. Beside the difference
in the retention process, plants grown in the field under natural
conditions may react different due to different sensitivity or be-
cause of different capacity to recover. The sensitivity of indivi-
dual plants in the field in general is depending on various factors
like plant age, plant size and other individual factors (e.g. water
and nutrition supply, differences in cuticular waxes, etc.). This in
consequence leads to the observed variation of effects at similar
drift deposition levels. It is well known from efficacy trials that
the sensitivity of plant species against herbicides is dependent on
their growth stage. With respect to maxirnum efficacy it is es-
sential for any herbicide to know the optimum moment of appli-
cation, usually defined by a growth stage. This aspect may need
more attention in the risk assessment because most individuals or
populations exposed to drift are probably not in the most sensi-
tive stage. It should also be considered that the Paraquat affected
leaf area is much larger than the plant surface contaminated from
retained particles (KOCH et al., 2004). While particles of 100 um
in diameter create a deposit area of approx. 0.00785 mm-, the fi-
nal induced chlorotic spot can be several mm in diameter (fig. 8).
Although the presented results are based only on one test each
with one active ingredient (Paraquat), i.e., a non systemic com-
pound, there are several notable aspects:
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• Drift dose response and spray dose response trigger different
effects.
• On-crop spray deposits (ng/cm-) can be related to a defined and
delivered dose rate (kg/ha).
• Off-crop drift deposits (ng/cm-) cannot be related to a defined
delivered dose rate (kg/ha). They depend primarily on the tech-
nique specific fine drop volume and on actual meteorological
conditions.
• Lab grown young plants as exposed by spray application in lab
tests react differently to drift contaminated plants grown in the
field.
• The population of field grown plants/species especially in off-
crop habitats reacts with greater variability and expresses a
much higher capacity to recover, compared to sown and lab
grown plants.
• Even highly affected plants exposed to high drift dcposits re-
cover or simply keep growing.
There is therefore a need to consider the difference of drift re-
tention in comparison to spray retention in risk assessment and
the reduction of effects due to recovery.
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